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Abstract 
SEMI-CLASSICAL DESCRIPTION OF NUCLEAR DEFORMATIONS FROM SADDLE TO 
SCISSION. 
The energy density formalism based on the Skyrme force has been used for calculating 
the deformation energies on the fission of 2 4 0Pu. The kinetic energy density is expressed 
as a functional of the matter density and its derivatives. The fission shapes are described by 
two ellipsoids connected by a six-order polynomial. The influence of shape parameterization 
is discussed. Results are compared to both liquid-drop and self-consistent (Hartree-Fock) 
calculations. In agreement with liquid-drop calculations a well defined 'exit region* is found. 
Advantages of further developments of semi-classical approximations are discussed. 
1. INTRODUCTION 
A common feature of the majority of t h e o r e t i c a l d escriptions of 
strongly deformed nuclei i s that they are based on the S t r u t i n s k y pres-
c r i p t i o n . I t i s then assumed that the binding energy of the nucleus can 
be divided i n t o two par t s , namely one slowly varying p a r t , which describes 
the average v a r i a t i o n of the energy with respect to deformation and par-
t i c l e number and one strongly o s c i l l a t i n g p a rt, the s o - c a l l e d s h e l l 
c o r r e c t i o n energy. The l a t e r part can be c a l c u l a t e d , using a s i n g l e -
p a r t i c l e p o t e n t i a l of e.g. Woods-Saxon type, the parameters of which are 
f i t t e d i n such a way that the s i n g l e - p a r t i c l e l e v e l s i n the ground st a t e 
are well reproduced. However the t o t a l nuclear energy cannot be described 
by simply adding up the energies of the occupied s t a t e s . Therefore the 
slowly varying part of the energy i s replaced by a semiempirical energy, 
ca l c u l a t e d f o r example by means of the l i q u i d drop model. When extending 
these kinds of c a l c u l a t i o n s to deformations involved i n the f i s s i o n 
process between the saddle point and the s c i s s i o n point i t i s obvious 
that the f a l l - o f f of the p o t e n t i a l energy, which i s of the order tens 
of MeV, i s e s s e n t i a l l y determined by the l i q u i d drop energy. Since i n the 
l a t e r stages of t h i s process a strong necking i s developed, terms l i k e 
curvature energy might be important, and therefore a refi n e d version of 
the l i q u i d drop model has to be used. 
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In t h i s paper we s h a l l discuss an a l t e r n a t i v e approach, which avoids 
the use of an energy of l i q u i d drop type. In the l a s t ten years consider-
able progress has been made i n the a p p l i c a t i o n of Hartree-Fock c a l c u l a t i o n s 
to heavy n u c l e i , using an e f f e c t i v e i n t e r a c t i o n of Skyrme type. These 
kind of c a l c u l a t i o n s reproduce quite well the ground state p r o p e r t i e s , as 
reported i n r e f . [ll.They also allow f o r a q u a l i t a t i v e d e s c r i p t i o n of the 
f i s s i o n b a r r i e r . However, at large deformations the computational d i f f i -
c u l t i e s become very serious and thus i t i s p r a c t i c a l l y impossible to per-
form the c a l c u l a t i o n s with high accuracy. There e x i s t s , however, a way to 
bypass the time-consuming evaluation of the Hartree-Fock equations, 
e s p e c i a l l y , i f we are i n t e r e s t e d only i n the averaged, smoothly varying 
q u a n t i t i e s , since the use of s e m i c l a s s i c a l techniques allows us to f i n d 
such a s o l u t i o n , without s o l v i n g the quantum mechanical equations. 
2. THE SEMI-CLASSICAL TECHNIQUE 
An e s s e n t i a l point i n the s e m i c l a s s i c a l c a l c u l a t i o n s i s to make an ex-
pansion of the density matrix f o r a given Hamiltonian [ 2 ] , In order to ob-
t a i n such an expansion one may introduce as i n r e f . [3] the Wigner transform, 
defined as k 
where A ( r , r ' ) =<r|A|r /> _ are the matrix elements of the operator A i n 
configuration space, and (r,p) denotes a point i n the c l a s s i c a l phase 
space. 
The Wigner transform can i n a natural way be expanded i n powers of 4) : 
CO 
(2) 
n-o 
which_we c a l l the s e m i c l a s s i c a l expansion of A. The lowest-o^der term, 
Ao(r»p), corresponds to the c l a s s i c a l l i m i t of the operator t. 
The Wigner transform of the Hamiltonian, H w , i s independent 
o f f ) , i . e . Hy coincides with the c l a s s i c a l Hami 1 tonianC3J. 
Then the Wigiier transform of the density matrix can be w r i t t e n 
? w ( ? , ? ) = I J 2 n ( r , p ) t >
2 ° (3) 
and contains only even powers of f i [ 3 ] , Once p^(r,p) i s known i t i s an 
easy task to c a l c u l a t e various physical q u a n t i t i e s . Thus the normal den-
s i t y i s given by 
and the k i n e t i c energy d i s t r i b u t i o n by 
For nucleons i n t e r a c t i n g with a Skyrme-force the Hamiltonian i n Wigner-space 
can be w r i t t e n 
h w = y c f ) p a + vcf) (6) 
where f ( r ) i s the e f f e c t i v e mass and_V{r) i s the p o t e n t i a l . Since Hu i s i n -
dependent of ft, the expansion of p w ( r , p ) i s given by (3), and one f i n d s , 
using the eqs. (4) and (5) that 
The l o c a l Fermi momentum pp = kp ft i s given by 
(7) 
(8) 
F 
(9) 
where Ep i s the Fermi energy. The zeroth order terms are immediately 
recognized_as the Thomas-Fermi expressions. 
Both p(r) and x(r) are functionals of the p o t e n t i a l V(r) and the_Fermi 
energy Ef. I t i s however possible to eliminate the dependence on V(r) and 
Ep, leading to the following expansion f o r t : 
(10) 
Thus t i s a fun c t i o n a l of p, and a given term t n i s o r i g i n a t i n g from the 
terms of o r d e r ' f i n i n the Wigner-expansion. The lowest order term i s given 
by 
which i s the usual Thomas-Fermi term. The expressions f o r 12 and 14 can be 
found i n refS [4,3,11]. 
I t should be pointed out that the s e m i c l a s s i c a l expansions (7) and (8) 
are only v a l i d up to the c l a s s i c a l turning-point, i . e . up to pp(r) = 0. 
Thus the functional x[p] i s i n p r i n c i p l e not defined outside t h i s point. 
Although there e x i s t methods f o r overcoming t h i s l i m i t a t i o n [ 5 ] , we s h a l l 
not use them here, since i t has been shown [6] that assuming the v a l i d i t y 
of the functional (10) also outside the c l a s s i c a l turning point leads to 
cor r e c t r e s u l t s . However, the density given by eq. (7) i s i n any case un-
r e a l i s t i c , since i t i s undefined outside the turning point. We s h a l l there-
fore not t r y to c a l c u l a t e p(r) from the Skyrme-potential by means of 
eq. ( 7 ) , but make an ansatz f o r p ( r ) , which assures a r e a l i s t i c f a l l o f f 
of the density outside the c l a s s i c a l turningpoint (see next s e c t i o n ) . We 
w i l l then not get a f u l l y s e l f c o n s i s t e n t density. Instead we optimize the 
parameterization of the density by minimizing the t o t a l energy with respect 
to the parameters, p 0, describing the central density and a s , describing 
the diffuseness of the surface. However, f o r a f i r s t a p p l i c a t i o n of the 
se m i - c l a s s i c a l technique to the f i s s i o n process we f i n d t h i s s i m p l i f i c a t i o n 
j u s t i f i e d . The c a l c u l a t i o n of the t o t a l energy E, then becomes simple and 
can be summarized i n the follo w i n g formulas: 
E « \ e C?)cU ( 1 2 ) 
e(?) = ~- • 7 ( f ) + V-(r) + c c r ) (13) 
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The Skyrme energy density v ( r ) [7] i s given by 
w) Si*.[(i4^)T 4-^.*i)(»J*r p a)] +i*3JU P ( 1 4 
where p = p n + p p, x = x n + x and the spin-density J = J + J p , f o r which 
the semiclassicaT expression \given f o r the neutrons) i s [n] 
with 
W n = W e [vi9 + X v y p ] ( 1 6 ) 
The e f f e c t i v e mass i s 
V 1 + (* *» V ? p ) (17) 
* = ( t 1 + 3 t 2 ) / e 
with 
and 
/J5 ( t 1 + t 2 ) / 4 
(18) 
(19) 
Integrating a l l the -r-dependent terms of eq. (13) gives 
where 
( E $ 0 denotes the s p i n - o r b i t term of eq. (14)) 
and T 
J**]** Uto\j;\-zao~^+zTo^T} i 
+ 'r 1080 f 3 2 * ° f1 '} 
+terms depending on «• , ft and 3; v-n,p 
FIG.l. Geometrical meaning of some of the deformation parameters. Left-hand side: 
matching point (c\) between ellipsoid centre and neck; right-hand side: matching point (c2J 
close to end of nucleus. 
We do not. c a l c u l a t e the Coulomb energy by in t e g r a t i n g the Coulomb energy 
density C ( r ) , but instead we follow the p r e s c r i p t i o n of Myers and 
Swiatecki [ 8 ] , i . e . we define an equivalent sharp surface, and add a 
diffuseness c o r r e c t i o n term, which i s independent on the deformation. We 
also include a Coulomb exchange term of the S l a t e r approximation type [9]. 
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3. PARAMETERIZATION OF THE DENSITY 
Since we use the density (and not the p o t e n t i a l ) as the basic input i n 
our c a l c u l a t i o n s , we must f i n d a r e l i a b l e way of parameterizing the de-
formed density. We s t a r t by defining a sharp surface, as shown i n f i g . 1. 
The nucleus i s divided i n t o three regions, defined by the matching points 
Cj and Co. The l e f t (I) and the r i g h t (11J) regions, describing the f r a g -
ments under formation, are chosen to be parts of e l l i p s o i d s , defined by 
TT-j(r,z) = 0, where 
7T.(r)2) =: -S+A* - 4 (Z-Z;) (U1,2) ( 2 5 ) 
The index i denotes the two regions and i t i s possible to choose d i f f e r e n t 
deformations f o r the two fragments. The neck region ( I I ) i s described by 
7Tjj(r,z) = 0 with 
JT (r}z) --S + S1* t i 2 + u z 3 + Y/Z*+ wz?+yz6 <26) 
Since we want the neck to be located at z = 0, T T j j ( r , z ) does not contain 
any term proportional to z, and i f only cases with r e f l e x i o n a l symmetry 
are considered also the c o e f f i c i e n t s u and w are zero. Including the 
matching p o i n t s , c-j, t h i s parameterization contains 14 parameters. By re-
q u i r i n g that r ( z ) and i t s three f i r s t d e r i v a t i v e s are continuous at the 
matching points the number of parameters i s reduced to 6. 
Once the sharp surface i s determined, the d i f f u s e density i s c a l c u -
lated i n accordance with r e f . [10]. From the functions i r v ( r , z ) f defined i n 
eqs. (25) and (26), we define a length 
(27) 
, v / r ( r z ) 
The index v refe r s to the three regions i n f i g . 1. The density i s then 
given by 
The requirement that r ( z ) and i t s three f i r s t d e r i v a t i v e s are continuous, 
assures that the density and i t s two f i r s t d e r i v a t i v e s become continuous 
at the l i m i t s between the three regions. This i s a necessary condition f o r 
applying the s e m i c l a s s i c a l formulas to fourth order. The parameters p and 
a are not to be considered as free parameters, since they are determined 
by minimizing the t o t a l energy. In eq. (28) p Q denotes the t o t a l density.
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The i n d i v i d u a l d e n s i t i e s of protons and neutrons are also given by 
eq. (28) a f t e r replacing p 0 with p|? and p" r e s p e c t i v e l y , where 
p0= pj: + p" and PQ/P" = Z/N. The p a r t i c l e number i s determined by i n t e -
g r a t i n g the density. By re q u i r i n g a given p a r t i c l e number, one of the 
remaining deformation parameters can be eliminated. Thus i n the most 
general case we are l e f t with 5 independent parameters. These can of 
course be chosen i n d i f f e r e n t ways. For p r a c t i c a l reasons the following 
choice seems to be most u s e f u l : 
1. The t o t a l length of the nucleus, L = z j + Z2 + A^-qi + A2-q2 
2. The radius of the neck, s. 
3. The maximal radius of the l e f t fragment, a^, which i s equal to 
Ai i f c j > z j . 
4. The maximal radius of the r i g h t fragment, a2> which i s equal to 
A2 i f C2 < Z2-
5. The mass r a t i o Ml/Mr. 
In the present c a l c u l a t i o n s we consider only r e f l e x i o n symmetric shapes. 
Consequently we are l e f t with only three independent parameters, namely L, 
s and the maximal radius of the fragments which we c a l l a. 
The above parameterization of the shape i s adjusted to describe shapes 
i n the l a s t stage of the f i s s i o n process, where a neck already has started 
to be formed. I t then allows to describe very compact as well as very 
elongated shapes, and a considerable v a r i a t i o n of the deformation of the 
fragments can be obtained. 
With c e r t a i n modifications the parameterization can be extended to des-
c r i b e the separated fragments a f t e r the s c i s s i o n point. I t i s , however, not 
s u i t a b l e f o r small deformations, i . e . before the neck i s formed. 
This i s d i r e c t l y seen i n the c a l c u l a t i o n s , since i n t h i s region the 
matching points are reaching the ends of the fragments and we are l e f t with 
only the polynonial describing the middle region. The parameterization then 
1 Note that definition (27) leads to a constant surface thickness. 
becomes equivalent to the one of r e f . [10], except that we have a s i x t h 
order polynomial, allowing f o r three independent deformation parameters 
( i n the r e f l e x i o n symmetric case), while r e f . [10] uses a fourth-order 
polynomial, allowing f o r only two independent deformation parameters. 
4. SEMI-CLASSICAL FISSION BARRIERS 
It has been shown that when using the Strutinskysmoothed density as i n -
put, the functional r[p) [10] reproduces the Strutinsky averaged ener-
gy w i t h i n a few MeV [11]. We should not expect such an accuracy since we 
make an independent ansatz f o r the density. Therefore, before comparing the 
f i s s i o n b a r r i e r s calculated with the s e m i - c l a s s i c a l methods, l e t us mention 
a few points. F i r s t , the " l i q u i d - d r o p " b a r r i e r height f o r 2 l + 0Pu i s about 
4 MeV, whereas the Strutinskysmoothed b a r r i e r obtained from s e l f - c o n s i s t e n t 
H.F. c a l c u l a t i o n s with the Skyrme I I I p o t e n t i a l i s about 13 MeV [11. 
Furthermore, when defining the density p(r) we assume that the central density 
Po and the surface diffuseness, a s , stay independent of deformation. 
Moreover, protons and neutrons are assumed to have the same s p a t i a l d i s t r i b u t i o n . 
S e l f - c o n s i s t e n t c a l c u l a t i o n s have shown that these assumptions are not 
t o t a l l y s a t i s f a c t o r y . Anyhow, we should expect to f i n d a f i s s i o n 
b a r r i e r which i s much higher than the liquid-drop b a r r i e r provided our 
parameterization i s reasonable. 
The density parameters P 0 and a s have be6n determined by minimizing the 
t o t a l binding energy at the liquid-drop saddle point. For these c a l c u l a t i o n s 
we have used the shape parameterization of r e f . [10] with c = 1.45 and 
h = o. The minimization was done i n two cases namely with the semi-
c l a s s i c a l expansion up to the second order (T2 term only) and then up to 
the fourth order (T4 term included ). The respective values obtained i n 
each case were p 0 = 0.139 fm"
3, a s = 0.330 fm and p 0 = 0.140 f n T
3 , 
a^ = 0.409 fm. In order to check the dependence on deformation, a mini-
mization was performed f o r the spherical shape i n which case we found 
p r a c t i c a l l y the same value f o r p Q and a small s h i f t of a few percent f o r 
a s . In the c a l c u l a t i o n s where t h i s v a r i a t i o n was neglected the above values 
were taken. The central density p 0 = 0.140 fm"
3 i s i n e x c e l l e n t agreement 
to H.F r e s u l t s of r e f . [12]. I t should be noted that our density has not 
the same f a l l - o f f as a Fermi d i s t r i b u t i o n since the t a i l of our d i s t r i -
bution extends f u r t h e r outside. However, we have calculated an equivalent 
Fermi diffuseness, d 0 , by f i t t i n g a Fermi d i s t r i b u t i o n to our density by 
req u i r i n g same central density p 0, h a l f radius and p a r t i c l e number. The 
Fermi diffusenesses are, f o r both cases considered above, r e s p e c t i v e l y d 0 
= 0.407 fm and d 0 = 0.505 fm. These values should be compared to 
d 0 = 0.398 fm and d 0 = 0.420 fm, respectively, as obtained by Grammaticos 
et a l . [3] when optimizing the surface energy by a s e m i - c l a s s i c a l method. 
In F i g . 2 we show the s e m i - c l a s s i c a l b a r r i e r s calculated with the Tz-term 
only (S.C.2 ; po=0.139fm)and with both T2 and T4 terms (S.C.4; po=0.140 fm). 
I t should be mentioned that the s p i n - o r b i t terms i n T4 have been omitted 
which may move s l i g h t l y the barrierS.C.4.The maximum of the S t r u t i n s k y 
smoothed H.F. b a r r i e r , marked by a cross, i s seen to be j u s t i n between. 
The dashed curve shows the b a r r i e r calculated without the T4 term but f o r 
density parameters obtained by considering i t . I t i s seen that once these 
parameters have been properly optimized (inclusion of T4) the fourth order 
term does not influence much on the b a r r i e r height except f o r the l a r g e s t 
deformations. I t should be underlined that the energies calculated with the 
T4 term r i s e steeply, once one goes away from the optimal values p g and 
a s . This explains the r e l a t i v e l y large charge i n a s caused by the i n c l u s i o n 
of t h i s term. The r e s u l t s shown i n f i g . 2 are calculated with the £>h} 
parameterization of r e f . [10] which i s very convenient f o r deformations up 
to the saddle-point.The parameter h i s put equal to zero which corresponds 
to the l i q u i d - d r o p v a l l e y [10]. The e r r o r made by not minimizing with re-
spect to h has been checked f o r a few cases and found to be n e g l i g i b l e . 
Note that our c a l c u l a t i o n s i n both cases (SC2 and SC4) led to binding 
energies f o r the sphere which were less than 5% away from the correspond-
ing S t r u t i n s k y smoothed quantity (-1799 MeV as quoted i n r e f . [1]). 
Regarding our s i m p l i f i e d parameterization of the density d i s t r i b u t i o n and 
the s e n s i t i v i t y of the binding energy to small changes i n the density para-
meters, t h i s i s a f u l l y acceptable r e s u l t . 
5. NUCLEAR DEFORMATIONS INVOLVED IN THE FISSION PROCESS 
Although the s e m i - c l a s s i c a l f i s s i o n b a r r i e r heights are too high, they 
are i n r e l a t i v e l y good agreement with the smoothed H.F c a l c u l a t i o n s [ i ] 
( c f . F i g . 3). I t might, therefore,be of i n t e r e s t to i n v e s t i g a t e the shapes 
involved i n the f i s s i o n orocess that the s e m i - c l a s s i c a l c a l c u l a t i o n s pre-
d i c t . For each length, L, of the nucleus the energy has been minimized with 
respect to the neck radius, s and fragment radius*a. Compared to the 
14 16 18 20 22 24 26 28 30 
L ( f m ) 
FIG. 3. Solid curves show semi-classical deformation energy, calculated with the T4-term 
included. The thin line shows the results obtained with the shape parameterization of Ref.[\0\ 
while the thick line is calculated with the parameterization as defined in Section 3. The curve 
labelled EHV shows the Strutinsky-smoothed H.F. energy (taken from Ref [I]) and the 
curve labelled EL D shows the liquid-drop energy, calculated with the shape parameters of 
Ref[\0\ 
(c,hj parameterization the b a r r i e r i s lowered at the top by about 4.5 MeV 
(thick s o l i d l i n e i n F i g . 3). In F i g . 4 we show the corresponding values 
of the parameters s and a (t h i c k l i n e s ) . The neck starts to develop at 
L % 23.5 fm,a length which i s almost equal to the sum of 
the diameters of the r e s u l t i n g fragments shown by the small arrow i n 
Fig . 4. With a fur t h e r elongation the fragment radius decreases 
s l i g h t l y but beyond L % 27 fm i t s t a r t s to increase. We i n t e r p r e t t h i s 
behaviour as i f the system s t a r t s to f e e l the i n d i v i d u a l i t i e s of the 
fragments under formation and thus t r i e s to prevent too elongated f r a g -
ments since i n t h i s s e m i - c l a s s i c a l frame the sphere i s e n e r g e t i c a l l y 
favoured. The neck radius i s a smoothly decreasing function of L up to 
L % 29 fm. However, f o r L > 29 fm the binding energy decreases d r a s t i -
c a l l y with decreasing neck radius and there i s no longer any s t a t i c 
b a r r i e r i n the s - d i r e c t i o n which prevents the fragments to separate, i . e . 
the " e x i t - p o i n t " i s reached. These r e s u l t s are i n complete agreement with 
that of r e f . [10] based on the liquid-drop model. The parameter values 
FIG.4. Deformation parameters a and s along the fission path. Thin lines correspond to 
the shape parameterization of Ref.[\0] and thick lines to that of Section 3. The triangle 
specifies the spherical shape of ^Pu and the open arrow indicates the exit point. The dot-
dashed line shows the fragment radius of the two completely separated fragments, which is 
the limiting value of a for large L. Some typical shapes are shown at the bottom of the figure. 
derived from t h i s reference are a l s o shown i n F i g . 4. (Notice t h a t , i n t h i s 
case, a i s dependent on s and L and cannot be chosen f r e e l y ) . The r e s u l t s 
are seen to be rather s i m i l a r . A somewhat l a r g e r d i f f e r e n c e i s obtained 
on the axis r a t i o of the fragment as shown i n F i g . 5. This axis r a t i o , 
q', i s defined as q' = b/a where b = ^  - | z m | with z m being such that 
r ( z m ) = a. (see F i g . 1). In both case§ q* decreases strongly with i n -
creasing L and goes to 1 near the " e x i t point". I t should be noted that 
along the f i s s i o n path the matching points c^ l y outside z^ that i s the 
shapes of the nascent fragments deviate quite much from pure e l l i p s o i d a l 
shapes. F i g . 6 shows some shapes obtained along the f i s s i o n path. 
6. SUMMARY 
Our c a l c u l a t i o n s based on the Skyrme-III p o t e n t i a l have shown that 
s e m i - c l a s s i c a l techniques can be applied f o r describing very deformed nuc-
l e i . Regarding the s i m p l i f i c a t i o n s used i n our c a l c u l a t i o n s we f i n d the 
L « 2 9 . 0 f m 
FIG. 6. Three shapes along the fission path obtained with the parameterization of Section 3. 
agreement with the Strutinsky-smoothed H.F r e s u l t s very encouraging. The 
too high height f o r the f i s s i o n b a r r i e r should not be understood as a de-
f i c i e n c y of the s e m i - c l a s s i c a l technique but rather as inherent to the 
Skyrme parameters. As the se m i - c l a s s i c a l c a l c u l a t i o n s are much less time-
consuming than the quantum-mechanical H.F c a l c u l a t i o n s they could e a s i l y 
be used to r e f i t the Skyrme parameters so that they also give reasonable 
f i s s i o n b a r r i e r s . This task would require an improved parameterization 
of the density or, preferably, a s e l f - c o n s i s t e n t c a l c u l a t i o n of i t . 
The c a l c u l a t e d nuclear shapes along the f i s s i o n path might be some-
what influenced by the f a i l u r e of the Skyrme parameters to c a l c u l a t e 
energies of large deformations.In s p i t e of t h i s uncertainty a strong 
support i s brought to the existence of an " e x i t point" as obtained i n 
ref. [10]. This " e x i t - p o i n t " i s reached f o r a r e l a t i v e l y compact shape of 
the f i s s i o n i n g system.the neck radius being between 2.5 fm and 3.0 fm. 
It should f i n a l l y be mentioned that i t i s also possible to tre a t p a i r 
c o r r e l a t i o n s s e m i - c l a s s i c a l l y . For a preliminary report see r e f . [13]. 
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DISCUSSION 
M. ASGHAR: Your calculation clearly brings out the presence of the 
'exit point' predicted by Strutinsky almost 15 years ago solely on the basis of his 
liquid-drop-model research. 
But I want to ask Professor Fong whether the shapes of these fragments at 
the exit point are similar to those assumed in his work a long time ago. 
P. FONG (Chairman): Yes, indeed they are. My earlier calculation was 
based on rather simple assumptions for the sake of convenience. If it closely 
corresponds to reality, it is perhaps more by luck than judgement. 
